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albumin and that the proximal tubule plays a major role in
preventing albumin wasting into the urine.
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To the Editor: In their recent report, Russo et al.1 measured
glomerular albumin filtration in the rat using multiphoton
microscopy. They estimated that, under normal condition,
albumin filtration is more that 50 times greater than that
previously reported with a calculated albumin sieving
coefficient (glomerular sieving coefficient) of 0.02–0.04.
Assuming that normal plasma albumin concentration in
glomerular capillaries is 3.0–3.5 g/dl, one can calculate an
expected albumin concentration in the Bowman’s capsule in
the range of 600–1400 mg/ml. As pointed out also in the
commentary of Gekle,2 these values are in great contrast to
those previously reported in the literature and obtained by
micropuncture technique. Owing to technical difficulties,
there are only a few sets of data on albumin ultrafiltrate
concentration in the literature, and among them the most
careful evaluation is considered that of Tojo and Endou.3
Using a sophisticated double pipette technique, they
estimated a mean value of Bowman’s capsule albumin
concentration of 23 mg/ml, and a corresponding glomerular
sieving coefficient of 0.00062. Recently, Lazzara and Deen4
reviewed available evidence for glomerular permselective
function and concluded that albumin concentration in
glomerular ultrafiltrate in normal condition must range
from 20 to 30 mg/ml. Thus, the debate on the effective
amount of glomerular albumin filtration is still open.2 This is
an important issue, since the filtered proteins across the
glomerular membrane are involved in the mechanisms
leading to kidney disease progression.5 In addition, the
beneficial effect of angiotensin antagonism in proteinuric
renal diseases is linked to amelioration of glomerular
membrane permselective properties.6
In the past, we performed a series of micropuncture
experiments in non-proteinuric female MWF rats, with
surface glomeruli, to collect ultrafiltrate from the Bowman’s
capsule (using an oil drop to stop proximal tubule fluid
flow). In that occasion, we measured albumin concentration
by a sensitive enzyme-linked immunoassay. Although we
performed these measurements in only three animals, we
believe that they can be of interest in the actual debate on the
effective amount of albumin filtration at glomerular level.
From a total number of 12 collections of Bowman’s capsule
fluid, lasting 10 min in average, we calculated a mean
albumin filtration of 0.3470.28 pg/min and a concentration
of 10.774.9 mg/ml (as shown in Figure 1). Our observation
would support the hypothesis of a low albumin concentra-
tion in the Bowman’s capsule and in the early proximal
tubule, in line with previous micropuncture measurements.3
In addition, as pointed out in the commentary of Gekle,2 our
data would indicate that the observation of Russo et al.1 may
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Figure 1 | Values of albumin concentration in the Bowman’s
capsule of female Munich-Wistar rats as determined by
micropuncture technique.
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be affected by technical problems, such as low signal-to-noise
ratio of fluorescent albumin in the proximal tubule.
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We agree with Professor Remuzzi et al.1 that under-
standing albumin filtration is vitally important. The
traditional model, based on micropuncture data, is that
the glomerular filter is extremely restrictive to albumin
transport and that in nephrotic conditions a glomerular
permeability defect leaks large amounts of albumin into
the Bowman’s space, which in turn is toxic to cells. The
alternative model, supported by both two-photon and
TEM microscopy, is that the normal glomerulus leaks
nephrotic levels of albumin (based essentially on size
selectivity) and that nephrotic albuminuria can occur
when there is a defect and/or oversaturation of the
proximal tubular cell albumin retrieval pathway.
One of the most striking and novel aspects of our two-
photon microscopy study is that we were able to observe
large quantities of albumin being rapidly filtered, bound to
the brush border and processed by the proximal tubular
cells. This processing could be observed up to 24 h after
albumin injection, since the plasma clearance of the
fluorescent-labeled albumin was slow and the same as
radiolabeled albumin. If albumin had a glomerular sieving
coefficient as low as that measured by micropuncture, we
simply would never see this postfiltration albumin proces-
sing, that is, it would always be the ‘dark side of the filter.’
Further it is incorrect to suggest that there was a low
signal-to-noise ratio in the two-photon studies. We varied
the luminal fluorescence concentration 15-fold and still
obtained essentially the same glomerular sieving coeffi-
cient. The background ‘noise’ for the studies was o10% of
the signal for the highest luminal fluorescent albumin
concentration measured.
The technical problems associated with the micropunc-
ture technique, particularly with regard to albumin, have
been discussed previously.2 Additionally, a confounding
and potentially very important issue documented in our
study is the rapid retrieval pathway. It could explain why
there has been so much variability in the reported luminal
albumin concentrations. A rapid S1 proximal tubule
retrieval of filtered albumin during the micropuncture
collection process could account for the values put forward
by Remuzzi et al. in their letter to the editor. Tojo and
Endou3 reported a 50-fold variation for one serial
collection of tubular lumen fluid and eliminated 75% of
their data when obtaining their low glomerular sieving
coefficient. Oken and Flamenbaum4 reported a 500-fold
variation in luminal albumin concentrations depending on
the method of collection. Taken together and reviewing the
marked uptake of fluorescent albumin (see, for example,
the KI cover photo, Vol 71, Issue 6, March 2007), the
potential importance of this retrieval pathway in explain-
ing the apparent discrepancies noted is evident. In
addition, these discrepancies seem specific for albumin as
the glomerular sieving coefficient estimations for poly-
saccharides by micropuncture are in excellent agreement
to those determined by urinary fractional clearance5,6 and
in agreement with two-photon for 36 A˚ radii molecules like
albumin.
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